The past decade has witnessed growth in the long-term acute care (LTAC) hospital industry. There are no reliable risk assessment models that can adjust outcomes across such facilities with different criteria for admitting patients. Variation in reported outcomes makes it difficult to determine whether a patient, or group of patients, may benefit from such care. This study sought to determine the extent to which survival in the LTAC setting is associated with age, race, residual organ system failures (OSFs), or APACHE (acute physiology and chronic health evaluation) III scores at the time of admission to LTAC. Key words: acute physiology and chronic health evaluation; long-term acute care; multiple organ failure; risk assessment Abbreviations: APACHE ϭ acute physiology and chronic health evaluation; APS ϭ acute physiology score; CI ϭ confidence interval; LTAC ϭ long-term acute care; OSF ϭ organ system failure
S
tudies evaluating the impact of long-term acute care (LTAC) hospitals on patient outcome have focused on patients requiring mechanical ventilation. In this context, LTAC hospitals have been compared with other types of weaning units. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Survival until discharge in these settings ranged between 48% and 93%, and long-term survival ranged from as low as 23% at 1 year to as high as 53% at 4 years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The variability in reported success may be explained by differences among hospital admission criteria, case mix, and referral patterns. The primary aim of our study was to determine if survival of a cohort of patients admitted to an LTAC hospital could be predicted by age, race, number of residual organ system failures (OSFs) at the time of admission to the LTAC hospital, or APACHE (acute physiology and chronic health evaluation) III score at the time of admission to the LTAC.
A number of models exist that predict survival in the ICU setting. One such early model was developed using cumulative OSFs over 7 days. 12 The most well-known prognostic systems are those of APACHE medical systems, APACHE II and APACHE III scores, which describe a method for assessing group death rates among ICU admissions using first-day risk assessment. 14, 15 While of limited value for individual management decisions, they are useful for risk stratification, research, quality assurance, and utilization review. 16 APACHE III is a proprietary tool.
Other scoring systems include the Sequential Organ Failure Assessment, 17 Therapeutic Intervention Scoring System, 18 Mortality Prediction Model, 19 and the Simplified Acute Physiology Score II. 20, 21 Most prognostic scoring systems, similar to APACHE, use the worst values in the first 24 h after ICU admission and thus do not account for the impact of response to therapy on prognosis. Serial reprognostication using modified APACHE III formulas was hoped to yield a dynamic risk of death with more reliable estimates of individual risk. 16 The probability of survival decreased when the acute physiology score (APS) component of the modified APACHE III score increased over the first several days; it also increased, to a lesser degree, when the APS failed to improve. Caution must be used when applying a model to a population other than that in which it was developed. APACHE III, when applied to a group of ICUs in the United Kingdom, overestimated death and had poor calibration and uniformity of fit. 22 No predictive or descriptive models, to the best of our knowledge, have been developed in patients surviving the acute phase of critical illness requiring LTAC. Our objective was to determine the extent to which survival in these patients is associated with age, race, residual OSFs, or APACHE III score on admission to LTAC.
Materials and Methods

Setting
The study included patients who were admitted from a diversity of area hospitals to one of four freestanding facilities of an LTAC hospital. These facilities are geographically independent and draw patients from different communities, primarily from within Chicago and neighboring areas. Each facility has a fully equipped ICU. Telemetry monitoring is available on the medical floors at each facility, and some of the facilities have a designated step-down unit. Services critical to successful rehabilitation of the long-term, acutely ill patient were available at all four facilities on a full-time basis. These services include respiratory, physical and occupational, and speech and swallowing therapy. A clinical psychologist evaluates most patients on LTAC admission by consultation. Basic radiology and laboratory services are available 24 h a day.
Attending staff physicians are board certified in their specialties. Pulmonary consultation is required for all patients receiving mechanical ventilation. All facilities had consultation services available in most medical and surgical subspecialties. Hemodialysis is conducted on site. Physicians provide in-house nighttime coverage for all patients.
Study Design
The study was a retrospective medical record review conducted on a sample of patients admitted directly from an acute care facility to any one of the four facilities between January 1, 1999, and June 30, 1999, and already discharged at the time of chart review. The number of medical records reviewed at each facility was proportional to the average daily census at that facility for the first 6 months of 1999. Charts were consecutively reviewed beginning with the first LTAC admission for each month until the predetermined number of charts for the month was met, and review then began with the following month. Patients were excluded if they were not admitted from an acute care facility, or had not yet been discharged from the LTAC. As there was an overselection of patients who died, analyses were also performed with weighting to reflect the incidence of mortality for a representative population of unselected patients from the same LTAC hospital. Because differences were very slight, only unweighted results are reported below.
Measurements
Data were collected using a predesigned form that included patient demographics, APACHE III, basic laboratory data, vital signs, utilization of mechanical ventilation or hemodialysis, LTAC admission medications, major acute care diagnoses, major comorbidities, route of feeding, presence of urinary or IV catheters, resuscitation status at acute care and at LTAC, date of discharge, and discharge disposition. Follow-up organ system function was assessed at day 28 after admission to the LTAC facility in those who remained at the LTAC. After all data abstraction was complete, three of the authors reviewed all data sheets and assigned, by consensus, OSFs. Based on the predetermined objective criteria set to define each OSF, there was no disagreement among the three authors regarding the presence or absence of an OSF. The APACHE III scores were calculated by the LTAC area case managers who screened patients for transfer. Scores were calculated from data obtained from the acute care hospital chart 24 to 72 h prior to transfer to the LTAC; these are hereafter referred to as LTAC admission APACHE III scores. There is no prescreening for rehabilitation or weaning potential at this LTAC.
Criteria for OSFs
Criteria for OSFs were modified to reflect subacute or chronic organ failure (Table 1) and to ensure consistency and objectivity as three of the authors (J.E.D.D., H.K.D., G.M.M.) performed chart abstraction. An OSF score was calculated for each subject by assigning one point for each OSF in an unweighted fashion. The score of one was assigned for the CNS only if the patients were unresponsive.
Statistical Analysis
The relative risk of mortality associated with each OSF category, APACHE III score, age, and African-American ethnicity were assessed using 2 statistics. Multiple logistic regression with forced entry was used to determine the effect of age, OSF score, and LTAC admission APACHE III on the logs odds of inpatient survival. The area under the receiver operating characteristic curve was computed to measure model discrimination. The Hosmer-Lemeshow test was used to measure model calibration. Kaplan-Meier survival analysis was used to compare inpatient survival probabilities, as well as day-28 survival probabilities, among subjects in different OSF categories. A paired Student t test was used to compare the change in OSF score between LTAC admission and day 28. Statistical analyses were performed using Statview version 5.0 (SAS Institute; Cary, NC).
The project was reviewed and approved by the Institutional Review Board of Northwestern University. Informed consent was waived in accordance with the Department of Health and Human Services regulations for the protection of human research subjects 45 CFR 46.116(d).
Results
A total of 300 records were reviewed, of which 285 were eligible for analysis; exclusions from analysis were due primarily to inadequate information regarding organ system function. The primary diagnosis at the acute care hospital was available in 87% of patients, and complete data regarding comorbidities were available in 69% of patients. These data are summarized, along with demographic data, in Table  2 . Comorbidities that occurred in at least 5% of patients are shown. On LTAC admission, urinary catheters were present in 75% of patients, feeding tubes in 64%, and central venous catheters in 45%.
The number of patients with each OSF and the associated percent mortality with the OSF are shown in Table 1 . Survival is compared among subjects in different OSF categories in Figure 1 (Fig 1) . Logistic regression indicated significant predictors of mortality were age group (age Ͻ 60 years, age 60 to 74 years, age Ͼ 74 years), OSF score, and APACHE III score. The impact of age on survival for each OSF category is shown in Figure 2 . African-American ethnicity was not a significant predictor of mortality, and hence was not included in multivariate analysis. When taken together, age group and OSF score remained significant predictors of survival, but not APACHE Figure 3 (log-rank test, p Ͻ 0.0001). Most patients with no OSFs were removed from analysis due to discharge from the LTAC facility, whereas patients with four or more OSFs were removed from analysis primarily due to death. No effort was made to determine the long-term survival of those discharged alive. A Kaplan-Meier survival analysis comparing survival at 28 days after LTAC admission in the same groups yielded similar results, with a log-rank test p value Ͻ 0.0001. Of those patients who remained at the LTAC at day 28 (n ϭ 159), OSF score increased in those who ultimately died (p ϭ 0.05) and decreased by half in those who were subsequently discharged home (p ϭ 0.04). There was a nonsignificant trend toward improvement in those who were discharged to nursing homes (p ϭ 0.07), and no change in those who were eventually transferred to acute care.
Discussion
Our data show that outcome in the LTAC setting can be predicted from age and number of residual OSFs present at admission to the LTAC hospital. Our OSF score is a simple assessment that requires few laboratory values and appears to be a good discriminator of survivors and decedents.
Long-term care hospitals were originally founded to care for patients with chronic illness in need of extended care. They have evolved over the past 2 decades to fill a need created by the Health Care Finance Administration implementation of a prospective payment system to acute care hospitals. This system of reimbursement made it financially difficult for acute care hospitals to continue to deliver care to increasing numbers of patients surviving catastrophic critical illness with multiple complex medical problems requiring prolonged hospitalization. [23] [24] [25] Hence, long-term hospitals have developed to assume the post-ICU care of these patients, and have become known as long-term acute care hospitals. Because of the typically long length of stay of their patients, LTAC hospitals have been exempt from a prospective payment system, and reimbursement is based on the Tax Equity and Fiscal Responsibility Act cost-basis reimbursement. 26 The LTAC hospital is, by design, intended to deliver care to high-acuity, medically complex patients more efficiently in part by concentrating patients with similar needs in one geographic location. 1, 24, 27 Over the 6-year period from 1990 to 1996, the number of LTAC hospitals increased 106%, from 90 to 185 hospitals. 28 It is important to differentiate groups of patients being cared for in the LTAC setting. Some patients are transferred with the goal of continued recovery from catastrophic illness with a return to previous level of independence and home discharge. Others are transferred, despite a very low potential for continued recovery, primarily to unburden the acute care hospital ICUs. In these cases, potential for recovery may be uncertain at the time of transfer. Alternatively, the health-care team, patients, and or families may have unrealistic goals and expectations leading to a continued desire for aggressive medical care. An emerging literature describing the experiences of patients undergoing critical care brings us recognition of the pain and suffering associated with its administration. 29, 30 The number of patients in our facilities who were receiving mechanical ventilation and required instrumentation suggest that their care was similarly burdened. Families of these patients may also suffer serious consequences related to loss of income and devastation of savings. While this has been attributed to costs related to disability and home care, 31 in our experience, families of patients in the LTAC setting suffer similar consequences. Appropriate decisions at an earlier stage of hospitalization may help to ease this burden on patients and families. In our study, survival was Ͻ 10% for those with more than two OSFs at LTAC admission, with none returning home. Furthermore, none of these patients had improvement in OSFs after 28 days in the LTAC facility. It seems plausible that many had the dying process prolonged by aggressive medical interventions in what may be termed ineffective care. 32 By identifying such patients, a dialogue may ensue with patients and families to explore other options for care focusing on the quality of death. Such options may include withdrawal of life support, greater focus on palliation of symptoms, and or hospice care. While the Study to Understand Prognoses and Preferences for Outcomes and Risks of Treatments 33 demonstrated that prognostic information provided to physicians did not alter outcomes related to resuscitation orders or aggressiveness of care in the acute hospital setting, it is plausible that such information provided at a later stage of illness may have a greater impact on physicians and families.
Our study differs from previous outcome studies conducted in the LTAC setting, as it was not limited to ventilator-dependent patients. During calendar year 2000, only 39% of patients admitted to the four facilities of the LTAC hospital contributing patients to this study were ventilator dependent.
We are cognizant of concerns regarding publication of results showing dismal outcome of patients receiving prolonged mechanical ventilation in the LTAC setting. 34 We concur with the view of Carson et al, 3 that lack of selection criteria at some LTAC hospitals results in a variable patient population. This may not imply that patients not meeting selection criteria are inappropriate for transfer but rather that patients with established OSFs in the ICU setting, showing no trend toward improvement, have a poor prognosis regardless of whether they remain in the acute setting or are transferred to an LTAC setting. This is suggested by data on serial measurement of APACHE III APS scores over the first 7 days of ICU care. 16 Mortality was not only higher in those with escalating APS scores, but also in those with stable scores that were not decreasing. The simple prediction score presented here, once validated prospectively, may be useful to control for differences in patient populations when comparing outcomes in different LTAC settings.
There are limitations to our study. While it was conducted at only one LTAC hospital, this hospital has four facilities that draw patients from a large geographic area. Nevertheless, our findings need to be validated in a broader population encompassing patients from other LTAC settings. Another limitation is that mortality after discharge was not pursued. Another study 3 of ventilator-dependent patients from a similar LTAC setting showed that mortality 1 year after discharge from an LTAC is high. Our review was retrospective, as such the findings regarding predictability of death based on OSFs must be confirmed prospectively. In addition, we did not test for interobserver variability in chart abstraction, and medical record reviews were not blinded to outcome. This may have led to some bias in recording OSFs despite our attempt to define them objectively. Despite these limitations, data from this study may be important to health-care providers in understanding the role of LTAC hospitals in caring for patients surviving critical illness. Furthermore, it might be important for patients and family members in developing realistic expectations regarding outcomes. This, in turn, may impact decisions made regarding future medical interventions.
